Summary. Serum levels of triiodothyronine (T 3 ) and thyroxine (T 4 ) Introduction.
Summary. Serum levels of triiodothyronine (T 3 ) and thyroxine (T 4 ) were measured by RIA in developing chick embryos of the Rhode Island Red strain incubated at different temperatures in a forced-draught laboratory incubator. A low incubation temperature resulted in a longer incubation period, whereas eggs incubated at a higher temperature hatched sooner. In all the temperature groups, serum T 3 and T 4 levels increased during the incubation period studied. Whatever the total duration of incubation within the experimental conditions, maximal serum T 3 and Tg levels were always obtained the day of pipping. Embryos having perforated the air-space membrane the day before pipping showed elevated serum T 3 , but not T 4 , levels as compared to embryos without perforation. The presence of high serum T 3 levels in chick embryos after perforation of the air-space membrane, and the sharp increase in the T 3/ T, ratio before pipping were indicative of the important role of T 3 in the processes of pipping and hatching. After Taking the day of hatching as day 0, an analysis of variance of both the serum T 3 and T 4 levels and the serum T 3/ T 4 ratio, between days-3 and !-2.5, showed highly significant statistical differences between days and temperature groups, and also a significant interaction between the two (table 3).
The T 3/ T ratio for the observed part of the incubation period is shown in figure 2 . In all the temperature groups, this ratio started increasing 2 days before the onset of pipping.
Serum T 3 levels of the embryos having perforated the airspace membrane with the beak the day before pipping were higher in all of the temperature groups as compared to chicks without membrane perforation ( (1977) .
The increase during the last incubation days was not the same for T 3 and T,. We have observed that the blood ratio changes during development, with a mean low ratio of 0.06 ! 0.04 at day 17 for all the four temperature groups and a mean high ratio of 0.27 ! 0.08 on the day of hatching. The latter ratio is comparable to the 0.25 T 3/ T 4 ratio of Davison (1976) found in one-day old chicks. There are two possible explanations for this increased ratio : a) thyroidal T 3 output increases. The presence of T 3 in the thyroid gland has been disputed in birds (Daugeras et al., 1976b) . However, T 3 has been found in the thyroglobulins of chick embryos by these authors ; b) there is an increased conversion of serum T 4 to T,. This conversion has been described for mammals (Sterling et a/., 1970 ; Bernal and Escobar del Rey, 1975) and was suggested for cockerels subjected to cold (Kuhn and Nouwen, 1978) .
Apparently, the onset of pulmonary respiration is related to the presence of high circulating T 3 levels, as concluded from the serum level in embryos with or without the bill in the air chamber. For temperature group 2 (36.8 O C), we even found the indication of an increase in the peripheral conversion of THere, the T 4 levels of embryos after membrane perforation were lower than before. In all other temperature groups, there was no difference in serum T 4 in embryos either with or without pulmonary respiration.
The total amount of heat production between day 8 and hatching was the same for all the temperature groups. This is in agreement with the findings of Barott (1937) who concluded that the total amount of heat produced during incubation did not depend on the incubation temperature. The high RQ values (> 1) until days 6 to 7 of incubation, and their progressive decrease from 1 to 0.7 between days 6 and 10 were in agreement with the data of other authors (Romijn and Lokhorst, 1951 ; Portet, 1960 Portet, , 1961 .
The following comments may be made with respect to the relation between serum T, and T 4 and thermogenesis : at a variable time, depending on the incubation temperature, a plateau for heat production is reached while the serum T, and T 4 levels are still increasing. According to Freeman and Vince (1974) , who reviewed the literature and discussed their own data, this plateau could correspond to the maximal theoretical flux of C0 2 and 0, through the egg shell membranes. This physical barrier would make it impossible for the embryo to react to an increase of serum T 3 and T 4 by augmenting 0, consumption and CO, output, which are used in calculating the heat production. As seen in figure 1 , an increase in heat production, corresponding to a maximum of serum T 3 and T,, was observed the day of pipping when the physical barrier was lifted. On the basis of the previous findings and hypotheses, we expect there is a positive correlation between circulating thyroid hormones and heat production before and after the plateau observed.
Conclusions.
1) Increasing concentrations of serum T, and T 4 levels were found from day 17 of incubation until pipping, whatever the incubation temperature used. This was followed by a rather small post-hatch decrease. 2) Not only the serum T, and T 4 levels increased during the last incubation days of chick eggs, but there was a differential increase of both hormones resulting in an increased T,/T, ratio until hatching.
3) The onset of pulmonary respiration was apparently related to an increase of T 3 , but not ofT!, as concluded from the serum levels in embryos with or without the bill in the air-chamber. 4) Our data on heat production confirm the findings of Barrott (1937) 
